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submitted. Three main objectives are achieved: (1) thoroughly studied the fundamental limits of low complexity decoder; (2) proposed
differential decoder based timing synchronization method; and (3) designed turbo decoders to enhance the receiver performance. Supported
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Project Report

Title: A Study on Trained and Differential Designs for MIMO Tactical Communications
Grant Number: W911-NF-06-1-0090

Time Period covered by this report: 04/06/06-04/05/08

PI: Xiaoli Ma, School of ECE, Georgia Institute of Technology

1. Approaches and Scientific Barriers

*

¢

Timing synchronization based on differential detector and power allocation

We propose a novel acquisition technique to improve single-antenna receiver detection
performance of signals from multiple transmitters that are distributed spatially.

We assume that the distributed transmissions occur simultaneously, but the start time of
each of the respective transmissions are not synchronous due to imperfect coordination
and non-synchronized clocks across distributed transmitters. First, we propose a robust
combining method in mobile channels when there is no feedback or channel knowledge
between the receiver and the distributed transmitters. Next, we propose a power control
technique, given feedback (and partial channel knowledge) between the receiver and
distributed transmitters, to improve the receiver operating characteristic (ROC)
performance when re-acquiring multiple distributed transmitters. The ROC performance
improvements are demonstrated for multiple distributed transmitter signal detection in a
mobile Rayleigh fading channel. Analytical solutions are derived to predict the ROC
performance when no channel knowledge is assumed, which is corroborated via
simulation. For the power control method, simulation is used to demonstrate performance
improvement (over the no feedback case) when the channel is estimated with error and
feedback latency. The probability of missed detection is improved by at least a factor of
10 and 100, respectively.

Lattice reduction aided turbo detectors

Lattice reduction (LR) technique has been applied onto linear equalizers to improve their
performance. Two major low-complexity LR methods are Seysen's algorithm (SA) and
the well-documented LLL algorithm. However, most of the existing methods on SA and
LLL are making hard decision which is know with suboptimal performance. When error
correcting code is applied, soft detectors naturally come into picture and composite turbo
detector. In this period, we first develop a tree-search implementation for SA, which
reduces the complexity of SA without sacrificing its performance. Based on this
algorithm, an LR-aided soft detector is proposed to achieve better performance. The
performance-complexity tradeoff of our proposed algorithms is also studied. We also
developed three LLL-based soft detectors with different candidate generation methods.
We compare the performance and complexity of our algorithms with the existing
alternatives and show that our methods can achieve near-optimal performance. The
performance-complexity tradeoffs of our proposed algorithms are also studied.
Simulation results validate the effectiveness of our algorithms.

Fundamental Limits of Linear Equalizers: Diversity, Capacity and Complexity
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Linear equalizers (LEs) have been widely adopted for practical systems due to their low
computational complexity. However, it is also well-known that LEs provide inferior
performance relative to maximum likelihood equalizer (MLE) or other near-MLEs, e.g.,
Les usually can not collect the diversity order enabled by the transmitter and at the same
time they lose mutual information. More important, unlike MLE or near-MLEs, the
performance of LEs has not been well quantified. This hinders more generalapplications
on LEs in wireless systems. In this period, we reveal a fundamental link between a
channel parameter — orthogonality deficiency (od) of channel matrix -- and the diversity
and capacity of LEs. We identify that when the od of channel matrix has an upper bound
strictly less than 1, the same diversity order as that of MLEs is collected by LEs and the
outage capacity loss relative to MLEs is also a constant over SNR. These results can be
applied on the design of an analytical framework of hybrid equalizers. Furthermore, by
studying the statistical property of the od and comparing the complexity of different
equalizers, we show that the hybrid equalizers can tradeoff the performance and
complexity by tuning the channel matrix od. The theoretical analysis is corroborated by
computer simulations.

2. Significance

In future army wireless communications and networks, it is critical to develop signal
processing methods to support high spectral efficiency, high transmission rate, low decoding
delay, and high mobility for war-fighters on-the-move, secure anti-jam links, and reduce the
probability of interception and detection. MIMO systems provide great potential along these
lines. OFDM is an attractive transmission technique for terrestrial communications because
of its robustness and spectral efficiency in multi-path channels. However, in some multi-path
channels, which are commonly encountered in battlefield communications, improved
efficiency is needed due to excessively long delay spreads in the channel. Moreover, mobile
operation requires robust operation as channel conditions vary over time. The focuses of this
project are military-related aspects; e.g., LPD/LPI, anti-jamming, latency/delay, MAI, NLOS
fading, and robustness to synchronization errors. We will further improve efficiency of
transmissions in mobile channels by developing adaptive channel shortening techniques.
Furthermore, extended robustness will be achieved by utilizing iterative and multi-
dimensional demodulation techniques at the receiver. Low complexity solutions are
achieved using differential modulation / demodulation, which is significant for small form
factor communication devices such as handheld, manpack, and sensor radio nodes.
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4, Collaborations

The PI has ongoing collaborations with defense industry (General Dynamics, Telcordia) on
MIMO differential designs and OFDM filter design topics, and Army Research Lab (Dr. A.
Swami) on low-complexity decoding method. The PI also has collaborations with other
Army funded projects, for example, with Georgia Tech (Dr. G. T. Zhou) and University of
Minnesota (Dr. G. B. Giannakis).
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5. Technology transfer

¢ The PI participated and presented research results at ARL/CTA annual review in March
2006, May 2007, May 2008.

¢ Collaborations have been built with General Dynamics which is in defense industry (see
joint publications [2], [7], [10] and [11])

¢ Collaboration has been built with ARL (see joint publication [3], [8] and others under
review)

& Computer codes from this project have been transferred to General Dynamics and ARL
for possible testbed implementation

6. Conclusions

During the project period, the Pl and one graduate research assistant have conducted
extensive research guided by the proposal that we submitted. The proposed objectives for
this year have been achieved, 7 journal papers and 4 conference proceeding papers have been
published/submitted, one MS degree is awarded, one book is published and collaborations
with ARL and defense industry have been established. In addition, during this period, new
ideas and approaches along this topic have emerged to better finish up the rest of the project
period and develop continued proposal for possible future funding.



